This report describes interventions undertaken by the National Surgical Adjuvant Breast and Bowel Project (NSABP) to improve compliance with patient-reported outcome (PRO) assessments in the setting of multicenter cancer clinical trials. We describe the effectiveness of several interventions and of observational factors.
INTRODUCTION
The National Surgical Adjuvant Breast and Bowel Project (NSABP) is a multicenter cancer clinical trials cooperative group funded by the National Cancer Institute. It comprises a network of several hundred medical facilities in the United States, Canada, and Puerto Rico. Studies are designed primarily for the prevention and treatment of early-stage breast and colorectal cancer. The first NSABP trial was opened in 1958; the first trial including a patient-reported outcome (PRO) was opened in 1991. By the end of the 1990s, six protocols included PROs. During that time, the NSABP experienced the difficulties with questionnaire form compliance that were also reported by other groups. [1] [2] [3] [4] [5] [6] [7] The timely completion and submission of questionnaires is a critical factor in the success of PRO (eg, quality of life [QOL] ) studies in clinical trials. Frequently, QOL data cannot be reliably obtained retrospectively, 2 and this same issue also applies to many other types of PRO data. Furthermore, a substantial rate of missing data threatens the credibility of the results because the available data might not be representative of the experience of all the patients. 8 A wide literature exists for addressing such informative missingness by statistical means. [9] [10] [11] [12] However, these methods generally require untestable assumptions about the missing data mechanism. The only completely satisfactory solution is to ensure timely form completion during a study. 2, 8 There are many possible factors related to questionnaire compliance. Participant factors might include demographics, such as age, 2,13-16 education, 2, 5, 14, 17 and physical functioning, 2,14-16,18 disease stage and treatment, 5, [13] [14] [15] 19, 20 and insurance coverage. Institutional factors 2, 7, 18, [20] [21] [22] [23] include the size of the institution, the structure of the institution (eg, centralized study coordination v coordination at many satellite clinics), and the attitude, experience, and time commitment of the research staff. Study design, including the number and timing of the assessments and the design of the questionnaire, may also impact compliance. Finally, efforts by the headquarters of the cooperative group to improve compliance may have an impact.
In 2000, the NSABP Biostatistical Center began a series of initiatives (some modeled on work performed in other cooperative groups) to improve form compliance. This report describes the initiatives undertaken to improve compliance, the evaluation of those initiatives to date, and the methodology for the prospective randomized evaluation of the initiatives. Our purpose is to summarize what has been learned and accomplished in the context of prevention and adjuvant breast cancer trials and to describe the ongoing scientific study of form compliance in the NSABP PRO program.
METHODS

Setting
NSABP clinical trials are run centrally from the Operations Center and Biostatistical Center in Pittsburgh, PA. A typical study is led by two medical officers (protocol officer and chair), a lead statistician, a Behavioral and Health Outcomes (BAHO) protocol officer, a BAHO statistician, and a pathologist. Several hundred institutions (networks of health care providers) enroll participants and administer the studies. Clinical data forms and questionnaires are (historically) sent by mail or facsimile from institutions to the Biostatistical Center, where the data are stored and analyzed. NSABP PRO studies have primarily been nested within randomized phase III clinical trials of treatments or preventive agents. This report will describe PRO form compliance in three phase III NSABP protocols (Table 1) . Participants in these trials provided consent forms, and the studies themselves were approved by institutional review boards. The Study of Raloxifene and Tamoxifen (STAR) compared raloxifene versus tamoxifen for the prevention of breast cancer in high-risk postmenopausal women and included two PROs, a symptom checklist (SCL) and QOL.
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The present analysis will consider only the SCL. Protocol B-32 was designed to compare the following two methods of lymph node resection for clinically node-negative breast cancer patients: sentinel node resection followed by conventional axillary dissection (SNϩAD) versus sentinel node resection alone (SN). B-32 is still in active follow-up and has not yet been reported. Protocol B-35 is an ongoing study to compare anastrozole versus tamoxifen in the treatment of ductal carcinoma in situ. B-32 and B-35 include QOL substudies.
Whenever possible, the PRO assessment schedule is linked to the treatment and clinical follow-up schedule so that questionnaires may be completed by the participant during an office visit. When that is not possible, institutions are encouraged to collect the questionnaires by mail or to administer the questionnaire over the phone.
Compliance Interventions
The NSABP has made operational changes to facilitate correct institutional implementation of BAHO studies and timely form submission, including the creation of a new position entitled BAHO Compliance Officer, held by one of the authors (M.W.R.). Broadly, the initiatives are designed for use by the institutions, by our internal staff, by the participant, or by the medical officers of the protocol (Table 2) .
Communication with the institution begins with the protocol documents. BAHO studies are now routinely integrated into the protocol and all other documents pertaining to the study. One example is the guidelines for nurses and clinical research associates (CRAs) regarding the administration of studies. For each protocol and PRO, the guidelines include detailed answers to frequently asked questions (eg, appropriate methods for administering questionnaires). Access to protocols, BAHO guidelines, forms, and other materials appearing via the NSABP members-only Internet site was restructured and simplified. This integration makes the information more accessible to clinical staff at institutions and communicates that PRO outcomes are given the same priority as other outcomes.
In recent years, clinical centers have been reimbursed for participation in PRO substudies, either with credit via the National Cancer Institute Community Clinical Oncology Program (CCOP) or by direct monetary reimbursement from industrial sponsors. For some protocols, the reimbursement has included a credit for entering a participant and additional credits for each submitted questionnaire.
Dialogue with institutions has also been an area of effort. The importance of the PRO research effort has been highlighted in numerous presentations at meetings for NSABP member investigators and nurses/CRAs and in periodic newsletters sent to institutions. A one-time telephone survey of institutions was conducted with the following aims: to remind institutions that the NSABP is committed to collecting accurate and timely PROs, to educate institutions on the proper use of PRO forms, and to identify both barriers to compliance and solutions.
Expectation and receipt of forms is now communicated in several ways. In all NSABP trials, confirmation faxes are sent to institutions on randomization to verify the participant's treatment assignment. These faxes have been augmented with the anticipated PRO assessment schedule. The list of assessment dates is printed on two pages; one is for the participant's chart, and a second is given to the participant. Monthly status reports for some protocols have been modified to indicate, for each scheduled PRO assessment (from baseline forward) and every participant, whether the corresponding form has been received by the Biostatistical Center. In this way, the institutions were reminded of forms that were missed in the past, some of which may have been completed but never submitted. For several protocols, the NSABP developed a prospective monthly reminder listing the next required assessment date for participants who are scheduled to complete PRO forms in the upcoming 3 months. In current protocols, the same information is available in real-time via the Internet.
The NSABP has developed an institutional performance rating system that includes compliance with PROs. The evaluation serves as a tool with which institutions can monitor their performance. In addition, the rating system allows the NSABP to assist institutions with an unfavorable rating and gain knowledge from institutions with an excellent rating. Such a performance report was developed for protocol B-32 in June 2002 to after the trial was underway. In addition, beginning in October 2003, the Quality Assurance (QA) Committee of the NSABP began reviewing the institutional performance reports and assigning sanctions for poor performance. These ranged from a request that the institution submit a corrective action plan to loss of privileges to accrue to the protocol.
For internal use at the Biostatistical Center, software has been developed for routine compliance monitoring. As problems become apparent at particular institutions, the BAHO Compliance Officer provides targeted interventions.
"Missing Data" forms were developed for most PROs, including B-32 and B-35 QOL assessments. The QOL Missing Data (QMD) form is to be completed by a nurse/CRA as a substitute for a missed QOL questionnaire . The nurse/CRA indicates the major reasons that the BAHO assessment was not performed. The receipt of the QMD form provides closure with respect to compliance follow-up. In addition, the form indicates whether the missing questionnaire should be considered missing at random (when, for example, staff oversight is the cause of the missing questionnaire) or informative (eg, participant refusal or illness). Institutions are not reimbursed for the submission of a QMD.
In recent studies, the NSABP has improved participant communication with the use of trifold study brochures designed in a collaboration of the NSABP Patient Advocate and NSABP BAHO Committees. These are designed to encourage recruitment and compliance. The Biostatistical Center also engaged the medical officers by circulating monthly reports of PRO compliance by institution, which were integrated into reports of other study variables such as adverse events.
Statistical Methods
Form compliance was analyzed with logistic mixed-effects modeling, in which the outcome variable was a binary indicator of the receipt of an expected form for a given institution, participant, and assessment time point. A form was considered expected if the participant had survived past the scheduled time point and had not withdrawn consent for the clinical protocol. In B-32 and B-35, participants were not expected to continue PROs after a recurrence or second primary cancer. The model included participant factors (age, race, and treatment group), institutional factors, calendar time from the protocol initiation, and the assessment time point. Several institutional size factors were considered, including total number of participants enrolled onto parent protocol, number of participants in PRO substudy, proportion PRO of total enrollment (PRO enrollment divided by total parent protocol enrollment), and number of satellites. The type of institution (CCOP, Cancer Trials Support Unit, or regular member) was also considered. Factors were also included to account for the presence of compliance-enhancement initiatives, discussed earlier. The institutions were included as random effects. The primary analysis considered receipt of a questionnaire at any time; in secondary analyses, submission was required to be timely (within 3 weeks of expected date). Results are presented in terms of odds ratios (OR). Computation was performed using SAS versions 8.2 and 9.1 (SAS Institute, Cary, NC).
For protocol B-35, institutions were randomly assigned to receive or not receive the prospective monthly reminder of upcoming assessments. The unit of randomization is the institution to avoid contamination between participants being managed by the same clinical staff. The random assignment was stratified by the institution's compliance record in protocols B-30 and B-33 (composite compliance Ͼ 88% v Յ 88%). New institutions were randomly assigned without stratification. Using simulation, the power for the comparison of intervention and control groups in B-35 was estimated to be 80% for an anticipated improvement in mean compliance from 80% to 85%. In evaluations of compliance initiatives, the power depends on the following three sample sizes: the number of forms required per participant, the number of institutions, and the total number of participants. Statistical power also depends on the distribution of the institution sizes, the variation of compliance across institutions, the expected effect size, and the variation across assessment time points. For the present sample size calculation, the sample sizes were based on including all B-35 QOL substudy participants. Other parameters were estimated from past NSABP trials.
RESULTS
The compliance in all three protocols was high. STAR SCL form compliance was 99% at baseline, with submission rates ranging from 83% to 95% for the other time points. In B-32, compliance ranged from 99% at baseline to 81% at the 3-year time point. Compliance in B-35 was 100% at baseline (by definition of substudy participation). Currently, compliance with later time points ranges from 94% to 72% for the most recent time point, but B-35 is an ongoing study, and submission rates will likely increase over time.
The institution was a significant (P Ͻ .01) source of variability in compliance in all trials examined. In STAR, large institutions had the highest compliance (OR ϭ 0.68 for institutions with fewer than 50 participants enrolled and OR ϭ 0.82 for institutions with 50 to 99 participants enrolled v larger institutions; P Ͻ .001). In B-32, compliance was greatest for midsized institutions (OR ϭ 4.63 for institutions with 31 to 50 participants enrolled and OR ϭ 3.12 for institutions with 51 or more participants enrolled v small institutions; P ϭ .007), but this finding did not occur in B-35. The other institution-level variables we considered (number of participants in PRO substudy, proportion of enrolled participants who were also in PRO substudy, number of satellite institutions, and type of institution [regular, CCOP, or Cancer Trials Support Unit]) did not impact compliance.
Compliance decreased significantly (P Ͻ .001) by assessment time point in all protocols, with ORs of approximately 0.8 for each successive time point in both B-32 and B-35. In STAR, the effect of time point was of negligible magnitude (OR ϭ 0.996). Compliance was further diminished over calendar time in all three studies (P Ͻ .001), with varying effect sizes (for each successive year after the opening of the protocol, OR ϭ 0.72 for B-32, OR ϭ 0.51 for B-35, and OR ϭ 0.86 for STAR).
Participant age did not predict compliance in B-32 and B-35. In STAR, however, compliance increased with age (OR ϭ 0.57, 0.89, and 1.01 for ages Ͻ 50, 50 to 60, and 60 to 70, respectively, compared with participants aged Ͼ 70 years; P Ͻ .001). Race was significant in B-32 (OR ϭ 2.63 for white v nonwhite; P Ͻ .001) and in STAR (OR ϭ 1.41 for white v nonwhite; P Ͻ .001). Treatment group was significant in B-32 (OR ϭ 0.74 for SNϩAD v SN; P ϭ .006). Treatment group was also statistically significant in STAR (P ϭ .019), but the effect was negligible (OR ϭ 0.95 for tamoxifen v raloxifene), and no difference between treatment arms was greater than 1% at any time point. Treatment group was not significant in B-35. The institution of a performance report in B-32 did not significantly impact compliance (P ϭ .21), but the implementation of QA sanctions did (OR ϭ 1.56; P ϭ .007).
The prospective reminder was not a significant predictor of compliance in B-35 (P ϭ .30). Compliance did appear to be improved in the reminder group for some time points, but this effect has reversed for the most recent assessment (Fig 1) . The introduction of a status report, which listed past forms submission and missing assessments, was not associated with a change in compliance in B-35 (P ϭ .10).
Results for timely submission were largely consistent with the results for overall compliance, with a few exceptions. There was no difference in timely submission by institution size in either B-32 or B-35. Timely submission in STAR decreased significantly over time (OR ϭ 0.87 for each calendar year; P Ͻ .001). Calendar time was not significant for timely submission in B-32 (P ϭ .70). Treatment group did not predict timely compliance in B-32 (P ϭ .18). The initiation of the B-32 performance report indicating PRO form submission with a qualitative score was actually associated with a decrease in timely submission (OR ϭ 0.67; P ϭ .002), whereas the QA sanction was not significant (P ϭ .56).
The QMD forms, provided for 654 (97%) of 675 missed assessments in B-32 and for 485 (66%) of 733 missed assessments in B-35, also provide insights into the cause of missing assessments. Additional QMD forms for B-35 will be submitted in the future because this is an ongoing trial. The reasons that the questionnaire was missed at the clinic visit are listed by treatment for B-32 (Table 3 ) and overall for B-35 (Table 4 ). The proportion of missed assessments attributed to staff oversight or understaffing was close to one half in both protocols.
Participants not appearing for appointments accounted for approximately one fifth. Attributions to the participant's medical or emotional condition were rare in both protocols. Participant refusal was low in B-32 (Ͻ 1% refused attributed to burden) but much higher in B-35 (20%).
DISCUSSION
Despite the mixed analytic results for compliance initiatives, there has been an improvement in compliance in recent studies compared with studies undertaken in the 1990s. For example, NSABP protocol B-23, which opened in May of 1997, reported QOL form compliance of 70% to 82% for early time points and 50% to 59% for the latest time points, which is in stark contrast with the high compliance achieved in the protocols reported here. It has been widely observed that PROs are receiving greater attention in the scientific community, but the improvement might also be attributed to changes at the NSABP. Given this general observation, we recommend integration of PRO studies into the parent protocol documents and procedures, involvement by the protocol medical officers, and the appointment of a dedicated person to facilitate compliance. Anecdotally, reimbursement of NCI credits to CCOP institutions improves motivation; it is less clear whether this is true for non-CCOP institutions that receive monetary reimbursement. Although this report has focused on systematic evaluation of compliance, the success of some interventions is best evaluated in an ad hoc fashion. For example, in July of 2001, 223 patients were identified as being enrolled onto the QOL study of NSABP B-30 (a randomized chemotherapy trial) and having a missing baseline QOL form. A tailored letter was sent to the study coordinators at each of the relevant institutions. By November, the number of patients with a missing baseline form was reduced to 45 (2% of enrollment). This is one of the experiences that leads us to believe in the benefit of targeted communication. Abbreviations: QOL, quality of life; NSABP, National Surgical Adjuvant Breast and Bowel Project; SNϩAD, sentinel node resection followed by conventional axillary dissection; SN, sentinel node resection alone; MD, doctor. mend that effort be given to programming for internal reports. Presentations at cooperative group meetings and our survey of institutions have also led to productive discussions. Our recommendations with respect to providing detailed routine information to institutions are more equivocal. We have not evaluated the benefit of providing, at the time of enrollment, a list of anticipated assessment dates. The prospective reminder in B-35 did not produce consistently favorable results. It seems that the improvement (Ͻ 2% to 3%) was smaller than the study was powered to address. That benefit might not justify the cost of developing this intervention in another data center. The most recent time points showed lower compliance for the intervention group, although this result might be spurious as a result of small sample sizes. Because this study is ongoing, the present analysis should be viewed as preliminary. The submission status report is standard for other forms at the NSABP, so this will be continued without further evaluation.
Although it was encouraging that the QA sanctions were associated with an increase in compliance, the performance report was associated with a decrease. We cannot recommend implementing an institutional performance report without further evaluation. It could be, in part, that this report seeks mainly to address forms already missed, rather than to improve compliance prospectively, so that the present analysis was not suited to reveal the benefit. It might also be that the decrease in compliance was coincident with the initiation of this initiative but not caused by it. It is also possible that simple positive reinforcement would be more effective. The United Kingdom Cancer Research Campaign (UK CRC) Clinical Trials Center recommends sending a letter of thanks to the institution coordinators when the first questionnaires are submitted early in a study.
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The QMD is useful for detecting barriers to participation, for bookkeeping, and for the analysis of study outcomes in the presence of missing data. Therefore, we recommend the QMD, although we have not tested its effect on compliance.
We have not formally evaluated the benefit of patient brochures. The UK CRC has found that compliance is improved when the patient is provided with clear information about the purpose of the study. 30 On that basis, we assume our brochures are helpful if they are given to patients. Other cooperative groups have reported success with more intensive patient-directed compliance interventions. The Interdisciplinary Group for Cancer Evaluation in Italy reported increasing submission rates by nearly 50% by mailing reminders of outstanding questionnaires directly to patients. 6 The UK CRC has used a strategy in which patients are first contacted by telephone before questionnaires are mailed, questionnaires are mailed directly to patients, and finally, patients are sent a reminder if the questionnaires are not returned within 2 weeks. 30 Although these approaches seem to be successful in assuring compliance, the NSABP has sought to avoid the cost and patient privacy issues associated with direct contact between the NSABP central offices and patients. In addition, it has been our view that the office visit allows the most controlled, standardized environment for questionnaire completion. Therefore, we have discouraged questionnaire completion in the participant's home except as a last resort.
Treatment group had a significant effect on compliance in B-32, with compliance higher in the experimental (SN) group. This is the only nonblinded study reported here. It is possible that the assessments were seen as less important for patients who were not in the experimental group (explaining the 2% higher rate of staff oversight or understaffing for SNϩAD and the 2.5% higher rate of patient refusal, according to QMD results). The difference is not explained by a difference in compliance with clinic visits, which was in fact higher in the SNϩAD group. A detailed examination of this bias will be required for the primary PRO analysis.
Our results indicated that compliance was higher for white participants than nonwhite, which is a result that we have not seen reported elsewhere. Barriers to clinical trial recruitment and retention among nonwhite racial groups have received much attention [26] [27] [28] [29] ; barriers to PRO submission also warrant examination. This examination should include an assessment of resources at institutions with large minority populations.
There has been no consistent finding regarding participant age and compliance either in our experience or in reports from other groups. 5, 17, 18 In the NSABP Breast Cancer Prevention Trial, compliance was unrelated to all participant factors tested, including age, race/ethnicity, education, income, and baseline risk of breast cancer.
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Deteriorating health status is one factor in patient compliance in advanced disease trials, 2 but our QMD results indicate that this is not a factor for adjuvant breast cancer trials.
Participant attitude might also be expected to play a role, but both anecdotal and survey evidence suggest that most participants appreciate the opportunity to complete QOL questionnaires.
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QMD results from B-32 indicate that few participants complained of questionnaire burden (Ͻ 1%). In B-35, the rate of participant refusal was higher (20.2%). The reason for this is unclear. The questionnaire was just seven items longer than in B-32. The high rate might have resulted from our removal of the "other reasons" option that accounted for approximately 30% of QMD responses in B-32. We also speculate that, because B-35 participants had very early-stage disease, they were less committed to the clinical trial than participants in B-32.
Other groups have reported that institutional factors seem to be more important than patient factors. 2, 7 For example, the German Breast Cancer Study Group found that compliance with PROs depended more on the institution and the attitude of the treating physician than on patient characteristics. 7 In the NSABP Breast Cancer Prevention Trial, as in our B-32 results, midsized institutions had the highest follow-up compliance. 17 The Eastern Cooperative Oncology Group has also reported that midsized institutions had highest baseline compliance. 18 One might speculate that midsized institutions take advantage of economies of scale, without becoming too large to function optimally. Future studies might also do more to examine the sources of variation between institutions, including staff-to-patient ratio, history of cooperative group membership, and staff turnover rate. Anecdotally, noncompliance has been attributed to a sense among clinical staff that the PRO outcomes were not as important relative to the clinical outcomes. The high rate of staff oversight or understaffing reported on QMD forms is consistent with that explanation. However, physician attitudes seem to have improved in recent years. 
